Chemical bath deposition has been used to prepare thin films of Bi 2 S 3 with different thicknesses on glass substrates under various operating temperatures. Quartz crystal monitor method was used to measure the thickness of the developed films. The study of the optical properties of the prepared thin films was carried out. The distinction between the band gap values of Bi 2 S 3 thin film samples were found to be in the range of 2.16 to 2.45 eV. Grain size, strain and dislocation density which form the group of micro structural parameters have been assessed. The lattice parameter values 'a' and 'c' are calculated and is found to be 4.101Å and 6.68 Å respectively.
INTRODUCTION
Bi, Zn, Cd, Co, Hg, Pb are significant chalcogenides and the deposition process which is most suitable for them is chemical bath deposition. It is also applicable to sulphides and selenides [1, 2, 3] . Low cost devices such as light energy conversion cells, light detectors and thin films field effect transistors can be easily manufactured by the Chemical Bath Deposition (CBD) method as it is cheaper than many other thin film deposition methods [4, 5, 6] . Bi 2 S 3 possess a very narrow band gap (2.10 to 2.40eV) and thus is an important semiconductor material. Bi 2 S 3 exhibits a hexagonal shape with a desired positioning along (002), (116, 312) and (316, 332) directions [7, 8, 9, 10] . This paper presents the outcomes of our optical and structural studies on chemical bath deposited Bi 2 S 3 thin films.
EXPERIMENTAL DESCRIPTION
A Chemical Bath Deposition (CBD) scheme was used to deposit Bi 2 S 3 thin films on Si, glass and quartz substrate in an aqueous solution containing thioacetamide as the sulfide source and ethylene diamine tetra acetic acid disodium salt as the Bismuth ion complexing agent. The operating temperature ranges from 60 to 80°C. Bi 2 S 3 thin films with thicknesses in the range of 80 to 400 nm were produced at different Bi 2+ molar ratios ranging from 1 to 4. A variation of 30 to 45 minutes was observed in the time taken for the bismuth sulfide growth on the glass substrate. Substrate cleaning has a key role to play in the deposition of thin films. Glass micro slides which can be brought from the open market were immersed into chromic acid approximately for about 3 hours. Next the substrate which is glass in this case is washed with the help of a detergent. Finally it is cleaned with acetone before actual usage. By changing the time period of deposition films different thicknesses were obtained. Gravimetric method is used to measure the thickness of the Bi 2 S 3 thin films as shown in [11, 12] . The thickness deviation of successive films lies in the range of 90 Å in Bi 2 S 3 arrangement. The structural characteristics were determined using x-ray diffractometer (Model-SHIMADZU XRD-2000) . The arrangement comprises of a PID controlled oven (Model PID-2000, Scientific Equipment and services, Roorkee, India). In the succeeding sections we discuss about the structural and optical properties of thin films.
RESULT AND DISCUSSION
3.1. Structural investigation of Bi 2 S 3 thin films CBD technique was used to carry out the XRD analysis on Bi 2 S 3 films and typical diffraction patterns of as-grown Bi 2 S 3 thin films prepared on glass substrates with varying thicknesses and are shown in figure B1 , figure  B2 and figure B3 . By scanning 2θ in the angle range of 10˚ to 80˚ the spectra are obtained. The grating angle considered in this case is 1.5˚. From the patterns of diffraction, it is clear that the diffraction peaks are well defined and sharp. This means that the film has a polycrystalline nature. The diffraction peaks reveal that the material exhibits cubical arrangement with alignments along (100), (002), (101), (102), (110), (103) and (112) directions. It is also clear from the high intensity peaks that with the cubical modification there is a significant increase in crystallite size. This behaviour establishes a phase transformation from the metastable amorphous cubic phase to stable polycrystalline cubic phase. The transition becomes rapid with increase in film thickness. In the precursor solution, by decreasing the cadmium content the crystallinity of the films further get increased.
The structure and size of the unit cell exclusively determines the diffraction direction. Bulk material values for cubic Bi 2 S 3 are already reported in ASTM tables. The measured 'd' values of Bi 2 S 3 sample matches fairly with them. The obtained data indicates clear existence of a cubic Bi 2 S 3 . The lattice parameter (a), inter planar distance (d), micro strain (ε), dislocation density (ρ) and grain size (D) are shown in table A1. Table A1 reveals that as the film thickness increases, the grain size of the film gets increased. However micro strain and dislocation density was found to decrease. It is due to the fact that as the film thickness increases there is reduction in the dislocations and imperfections of the films. Table 1 clearly shows that with increasing deposition time, the thickness of the film gets increased gradually.
Optical properties of Bi 2 S 3 thin films.
Transmission spectra of films were detailed as a wavelength function in the 250-500nm range. Figure 1 shows the transmittance spectra of the Bi 2 S 3 films in the visible region for varying thicknesses. It displays that the transmittance decreases with the increase in film thickness. From figure 2, optical properties of Bi 2 S 3 thin films are assessed from the measurement of absorbance in the 250-500nm range. The absorption coefficient can be specified with respect to the incident radiation energy and is shown in equation (3.1).
-(3.1) where 'h' is the Planck's constant and 'γ' is the incident radiation frequency. From figure 3 it is clear that with the increase in film thickness the value of extinction coefficient (Kf) decreases. The film thickness (t) and absorbance (A) was used to calculate the absorption coefficient (α) related to the strong absorption region of the films using the equality shown in equation (3.2).
(3.2) Equation (3.3) is used to calculate the extinction coefficients.
There is a direct relation between the extinction coefficient (K f ) and absorption of light. While considering polycrystalline films, it is found that there is an extra absorption of light at the grain boundaries [13] . This results in a non-zero value of (K) for photon energies lesser than the basic absorption edge [14] . From the absorption peaks, the allowed and direct band gap energy is valued from the plot (αhγ) 2 versus hγ and are shown in table 2. With increase in thickness, the band gap energy is decreased. This is due to the variations in the barrier height with respect to the size of the grain and large dislocation density in crystalline films. Figure B1 .X-ray diffractogram of Bi 2 S 3 thin film of thickness 550 Å Figure B2 .X-ray diffractogram of Bi 2 S 3 thin film of thickness 1060 Å 76 Figure B3 .X-ray diffractogram of Bi 2 S 3 thin film of 1750 Å
